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Description 

This invention relates to a radiation detector, and 
more particularly to a radiation detector using a scin- 
tillator array such as a positron emission tomography 
for detecting a location of radiation incident to the 
scintillation array. 

There has been developed a new technical field 
of nuclear medicine for diagnosing and curing a dis- 
ease of a human body using radioisotope (Rl). As one 
of techniques which belong to this technical field has 
been known a positron emission tomography (PET) 
for detecting an emitting location of radiation such as 
gamma-rays with a scintillator. 

The positron emission tomography is a type of 
nuclear imaging apparatus used especially in medical 
diagnostic and researching imaging. In the positron 
emission tomography, one type of radioactive com- 
pound ( a drug labelled with a nuclide having positron 
emission capability ) is administered to a patient or 
other living organism under surveillance. Positrons 
are positively charged particles, and are emitted from 
the nuclide of radioactive compound as isotope decay 
within the body. Upon emission, the positron encoun- 
ters an electron, and both are annihilated. As a result 
of one annihilation, gamma-rays are generated in the 
form of two photons which travel in approximate op- 
posite directions (about 180 degrees) to one another. 
Traditionally, the apparatus Is disposed so as to sur- 
round the body to accumulate information concerning 
the lines of travel of the emitted photons at different 
angles around the body under surveillance and proc- 
ess this information through a computer, whereby a 
tomographic image of the distribution and concentra- 
tion of the nuclide is obtained and at the same time 
is two dimensiohally displayed together with a sliced 
image of the body. In this connection, the PET scan- 
ner can observe and quantify biochemical and phys- 
iological changes that occur naturally and in disorder 
In the human body or the like. 

An amount of the drug to be administered into the 
patient or the like is preferably smaller to avoid an in- 
fluence of the nuclide on the body, however, a smaller 
amount of the drug causes the emitted radiation to be 
more reduced in Intensity. Accordingly, the radiation 
detector is required to effectively detect the radiation 
of weak intensity emitted from the body. 

In order to satisfy such a requirement in the ait 
a gamma-rays detector having an inorganic scintilla- 
tion crystal such as thallium-activated sodium iodide 
(Nal (Tl)), BUGe 3 0 12 (BGO), CsF or the like as a scin- 
tillator has been utilized as a radiation detector. The 
gamma-rays detector comprises plural scintillators 
arranged one or two-dimensionally for converting 
gamma-rays emitted from the body to a dispersely- 
emitting scintillation light, and plural photomultiplier 
tubes (PMT) optically coupled to th scintillators for 
converting th scintillation light int electrons and 



multiplying them. In this gamma-rays detector, the 
scintillation light emitted from one scintillator of the 
one- or two-dimensionally arranged scintillator array 
is distributed to the other scintillators in a predeter- 

5 mined distribution ratio and then guided to the photo- 
multiplier tubes corresponding to the respective scin- 
tillators, so that amplified electrical signals having 
statistical information on an incident position of the 
gamma-rays to the scintillator array (that Is, a scintil- 

10 latlon location) are outputted from the respective pho- 
tomultiplier tubes. The position of the gamma-rays in- 
cident to the scintillator array (the scintillation loca- 
tion) is statistically determined on the basis of the 
electrical signals. The gamma-rays detector thus con- 

15 structed enables a detection resolution to be more 
enhanced, however, simultaneously causes the scin- 
tillation light to be attenuated through a distributing 
process in which the scintillation light generated in 
one scintillator is distributed to the other scintillators 

20 - and a guiding process in which the distributed scintil- 
lation lights is guided to the photomultiplier tubes. Ac- 
cordingly, it has been required for this type of gamma- 
rays detector to prevent the attenuation of the scintil- 
lation light particularly through the distributing proc- 

25 ess and optimumly carry out the distributing process. 

Various types of radiation detectors each utilizing \ 
an scintillator array and a photomultiplier tube in com- 
bination, for example as shown in Figs. 1 to 3, have 
been proposed in order to satisfy the above require- 

30 ment 

The radiation detector as shown in Fig. 1 includes 
a scintillator array 1 comprising one-dimenslonally ar- 
ranged four scintillators 1 1 to 1 4 , and two photomulti- 
plier tubes 2 t and 2 2 one of which is optically coupled 

35 to a half (two scintillators) of the scintillator array 1 
and the other of which is optically coupled to the other 
half (the other two scintillators). The scintillator array 
1 is provided with a reflection layer at each of inter- 
faces (coupling surfaces) 3i and 33 between the 

40 neighbouring scintillators 1 , and 1 2 and between the 
neighbouring scintillators 1 3 and 1 4 and further pro- 
vided with a predetermined area ratio of a reflection 
layer and a transmission layer at an interface (cou- 
pling surface) 3 2 between the neighbouring scintilla- 

45 tors 1 2 and 1 3 . Accordingly, the scintillators 1! and 1 4 
are optically separated from the scintillators 1 2 and 1 3 
through the reflection layers, respectively, but the 
scintillators 1 2 and 1 3 is optically coupled through the 
transmission layer to each other. That is, a scintilla- 

50 tion light emitted from one of the four scintillators 1 , 
to 1 4 is not distributed (transmitted) to the other scin- 
tillators through the reflection layers, while a scintil- 
lation light emitted from one of the scintillators 1 2 and 
1 3 is distributed (transmitted) through the transmis- 
55 sion layer to each other. In this case, a distribution ra- 
tio of the scintillation light corresponds to the area ra- 
tio of the reflection and transmission layers provided 
at the interface (coupling surfac ) 3 2 . This radiati n 
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detector Is described in detail In Japanese Unexa- 
mined Published Patent Application No. 62-135787. 

The radiation detector as shown in Fig. 2 Includes 
a scintillator having plural grooves (slits) 4 obtained 
by vertically cutting the scintillator in different depths, 
and two photomultiplier tubes, one of which is opti- 
cally coupled to a half of the scintillator 1 and the 
other of which is optically coupled to the other half. 
The grooves 4 are provided with reflection agent and 
serves to guide a scintillation light generated within 
the scintillator toward the photomultiplier tubes while 
distributing the scintillation light to the other scintilla- 
tors and the corresponding photomultiplier tubes in a 
suitable distribution ratio. This type of radiation detec- 
tor is described in detail in USP 4,749,863, and in 
"IEEE Transactions on Medical Imaging", Vol. 7, No. 
4, 1988, pp264-272. 

The radiation detector as shown in Fig. 3 includes 
a scintillator array comprising plural scintillators 1n to 
I44 which are .three^dimensionally arranged, plural 
photo multiplier tubes 2, and 2 2 and a light guide 5, 
sandwiched between the scintillator array and the 
photomultiplier tubes, for guiding a scintillation light 
emitted from the scintillator array to the photomulti- 
plier tubes. As the light guide may be used one as 
shown in "IEEE Transactions on Nuclear Science" 
Vol. 33, No. 1, February 1986, pp446-451, pp460- 
463. In this type of scintillator array, the interfaces 
(coupling surfaces) between the respective neigh- 
bouring scintillators are filled (or coated) with the re- 
flection agent This type of radiation detector is de- 
scribed in detail in Japanese Unexamined Published 
Patent Application No. 62-129776, in "IEEE Transac- 
tions on Nuclear Science", Vol. 33, No. 1, February 
1986 and in "IEEE Transactions on Medical Imaging", 
Vol. 7, No. 4, December 1988. In place of the flat-plate 
type light guide, a light guide comprising plural seg- 
ments each having a complicated shape as described 
in "IEEE Transactions on Nuclear Science", Vol. NS- 
34, No. 1, February 1987 may be used to distribute a 
scintillation light emitted from one of the scintillators 
to the other scintillators in different distribution ratios. 

A similar detector is shown in WO 86/03596. In 
this detector, the scintillator is divided by a number of 
grooves which are filled with a reflective material to 
control the transmission of light 

In all of the radiation detectors as described 
above, the interfaces (coupling surfaces) between 
the neighbouring scintillators are filled (or coated) 
with the reflection agent to adjust the distribution of 
scintillation light between the respective neighbour- 
ing scintillators. The reflection agent has a capability 
of reflecting Incident light therefrom with no leak, but 
has the disadvantage of also absorbing some of the 
light. This light-absorption becomes significant as the 
scintillator or scintillator array is more minutely seg- 
mented into plural scintillator units. Further, particu- 
larly in a case where a light guide is provid dbetw en 



the scintillator array and the photomultiplier tubes as 
shown in Fig. 3, light-absorption also occurs In the 
tight guide. These effects result in the scintillation 
light being attenuated before it Is transmitted to the 

5 photomultiplier tubes. Such attenuation of the scintil- 
lation light emitted from the scintillator array (that is, 
an optical loss) causes energy resolution and timing 
resolutions to be lowered, and further causes a dis- 
criminating characteristic of each scintillator to be de- 

10 graded. 

GB-A-2204769 discloses a scintillator which is 
provided with two sets of grooves, which divide the 
scintillator into a number of light guides. One set of 
grooves is provided at the upper part of the scintilla- 

15 tor, the other set at the lower part of the scintillator, 
with a region between having no grooves. In the re- 
gion of the grooves, light is not able to be transmitted 
transversely, where as light may be transmitted 
transversely where there are no grooves. According- 

20 - ly, the detector is able to detect the depth of the radi- 
ation. 

According to this invention a radiation detector for 
detecting the position of incident radiation, compris- 
es: 

25 a scintillator array haying a plurality of scintil- 

lator elements or generating scintillation light upon in- 
cidence of radiation to them, each scintillator element 
having a radiation receiving surface, a Tight-emitting 
surface for emitting light guided through the scintilla- 

30 tor element in a first direction, and a light-distributing 
surface for transmitting part of the scintillation light to 
an adjacent scintillator element a second direction, 
substantially perpendicular to the first direction to dis- 
tribute scintillation light to other scintillator elements 

35 with a predetermined distribution ratio, the light- 
distributing surface serving as a coupling surface to 
optically couple each scintillator element to an adja- 
cent element and 

a plurality of photomultiplier tubes optically 

40 coupled to the scintillator array wherein each photo- 
multiplier tube is optically coupled to the light- 
emmiting surfaces of a plurality of scintillator ele- 
ments for receiving the scintillation light and convert- 
ing the scintillation light into an amplified electrical 

as signal representative of the incident position of the ra- 
diation on the scintillator array; 

characterised in that each of the light- 
distributing surfaces serves as a coupling surface for 
optically coupling each scintillator element to an ad- 

50 jacent element, each adjacent element each of the 
light transmitting surfaces having a roughened sur- 
face, a mirror-polished surface or both, for transmit- 
ting the scintillation light with a pre-determined de- 
gree of transmissivity to control the distribution ratio 

55 of the scintillation light transmitted between from 
neighbouring scintillator elements. 

A detector in accordance with this inv ntlonhas 
asimpl construction for accurat lydet ctingaradi- 
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ation-emitting location. Also the optical loss is re- 
markably reduced. 

The scintillator array may comprise^ assembly 
of plural scintillator elements or a scintillator having 
plural grooves therein. When the scintillator array 5 
comprises the assembly of the plural scintillators, a 
scintillating portion corresponds to a scintillator, and 
the distribution region comprises both coupling sur- ' 
faces of two adjacent scintillators. When the scintil- 
lator array comprises a scintillator having plural 10 
grooves therein, the scintillating portions correspond 
to any portions other than confronting wails defining 
the grooves in the scintillator and the distribution re- 
gion comprise the confronting surfaces and spaces 
therebetween of the grooves. 15 

Embodiments of detectors in accordance with 
this invention will now be described and contrasted 
with the prior art with reference to the accompanying 
drawings; In which:- 

Fig. 1 shows a conventional radiation detector 20 
having an assembly of plural scintillators; 
Fig. 2 shows another conventional radiation de- 
tector having a scintillator having plural grooves 
therein; 

Fig. 3 shows another conventional radiation de- .. 25. 
tector in which a light guide is provided to the ra- 
diation detector as shown in Fig. 1; 
Figs. 4(A) through 4(F) show various models of 
surface condition and coupling condition accord- 
ing to this invention; 30 
Fig. 5 shows a first embodiment of the radiation 
detector according to this invention; 
Fig. 6 shows a second embodiment of the radia- 
tion detector according to this invention: and 
Fig. 7 shows a scintillator arrangement of a third 35 
embodiment of the radiation detector. 
Like the conventional radiation detector, in a ra- 
diation detector according to this invention, a scintil- 
lation light emitted from one of scintillators is distrib- 
uted to the other scintillators in a predetermined dis- 40 
tribution ratio and then the distributed scintillation 
lights are guided to plural photomultiplier tubes to ob- 
tain amplified electrical signals representing an emit- 
ting location of the scintillation tight. However, unlike 
the conventional radiation detector, the distribution 45 
ratio of a scintillator array of this invention is not ad- 
justed with reflection agent, but by means of the fol- 
lowing two factors (surface condition and a coupling 
condition of an interface (a coupling surface) be- 
tween respective neighbouring scintillators). The sur- so 
face condition is defined by a sectional profile of the 
coupling surface such as a rough surface, a mirror- 
polished surface or the like, and the coupling condi- 
tion is defined by a substance (or refractive index of 
the substance) to be provided to the coupling surface 55 
such as an air, or a coupling agent such as water, sil- 
icone oil r RTV rubber. In this case, the refractive in- 
dexes f the scintillator (BGO), silicone oil (RTV rub- 



ber) and water are 2.15, 1.45 and 1.33, respectively. 
Accordingly, the distribution ratio is freely variable by 
changing the surface condition of each coupling sur- 
face and/or changing the substance to be provided 
between the neighbouring scintillators. 

Figs. 4(A) to 4(F) show various types of models 
applicable to a scintillator array used in this invention. 
In order to explain the change of the light- 
transmisslvity through the coupling surface in accor- 
dance with variation in the surface condition and the 
coupling condition of the scintillators 1a and 1b, each 
model is shown to have a common construction in 
which two scintillators 1 a and 1 b are optically coupled 
to each other through coupling surfaces 3a and 3b 
thereof. 

A first model as shown in Fig. 4(A) includes two 
scintillators each having a roughly-designed coupling 
surface. A second model as shown in Fig. 4(B) In- 
dude^a scintillator hayinga^m 
surface and the other scintillator having a roughly-de- 
signed coupling surface. Further, a third model as 
shown in Fig. 4(C) includes two scintillators each hav- 
ing a mirror-polished coupling surface. Air Is filled in 
a gap between the faced coupling surfaces of the 
scintillators in each of.the.f irst to mird models, that is, 
an air layer is provided between the coupling surfac- 
es. 

With respect to the surface condition, the light- 
transmiss'rvity through the coupling surface, that is, 
the distribution ratio of light is increased in each cou- 
pling surface as a occupied area of the rough coupling 
surface is increased or as the coupling surface of the 
scintillator is rougher. Accordingly, the light- 
transmissivity through the coupling surfaces of the 
neighbouring scintillators is decreased in the order of 
the first to third models. That is, the first model having 
two rough coupling surfaces has the highest light- 
transmissivity, while the third model having two mir- 
ror-polished coupling surfaces has the lowest light- 
transmissivity. Further, a degree of the roughness of 
the coupling surface may be adjusted by changing the 
diameter of grinding particles which are used to grind 
the coupling surface. The desired size of the grinding 
particles is preferably # 1000 in the JIS (Japan Indus- 
trial Standard). 

In a case where the two scintillators having dif- 
ferent surface condition are used as shown in the sec- 
ond model, a transmissivity of light (m) which is trans- 
mitted from the scintillator having the rough coupling 
surface 3b to the other scintillator having the mirror- 
polished coupling surface 3a is a little higher than that 
of light (n) which has an opposite transmission direc- 
tion to that of the light (m). 

In addition, the light-transmissMty between the 
neighbouring scintillators is more finely adjusted by 
changing an area ratio of the mirror polished and 
rough surfaces to be formed on a coupling surface f 
each scintillator. Fig. 4(D) shows a fourth model in- 



4 



7 



EP 0 437 051 B1 



8 



eluding two scintillators each having a coupling sur- 
face on which both of a mirror-polished surface por- 
tion S1 and a rough surface portion S2 are formed in 
each scintillator in a predetermined area ratio 
(S1:S2). In this model, the mirror-polished surface 
portion and the rough surface portion on the coupling 
surface of one scintillator are completely confronted 
to those on the coupling surface of the other. That is, 
the fourth model as shown in Fig. 4(D) corresponds 
to a model in which a combination of the first and third 
models as shown in Figs. 4(A) and 4(C) is applied to 
each coupling surface. However, a confronting rela- 
tionship between the mirror-polished surface and 
rough surface portions is not limited to the above 
model. For example, another confronting relationship 
as shown in Fig. 4(B), in which a mirror-polished sur- 
face portion on a coupling surface confronts a rough 
surface portion of the other coupling surface, may be 
adopted in combination with the confronting relation- 
ships as shown In Fig. 4(D). Further, Fig. 4(E) shows 
a fifth model including a scintillator having a groove 
therein. In this model, the faced inner walls of the 
groove serves as coupling surfaces, and the light- 
transmissMty through the coupling surfaces is 
changed by changing a depth of the groove. 

The surface condition between the neighbouring 
scintillators is adjusted by utilizing the first to fifth 
models alone or in combination to more finely change 
the light-transmlssivity between the scintillators, that 
is, the distribution ratio of a scintillation light 

In addition to the above manner, the light- 
transmissivity between the neighbouring scintillators 
can be more minutely changed by changing a refrac- 
tive index of a gap between the coupling surfaces of 
the neighbouring scintillators. 

In the first to fifth models, air is filled with each 
gap between the respective coupling surfaces. On 
the other hand, in a sixth model as shown in Fig. 4(F), 
an optical coupling agent 6 such as silicone oil, sili- 
cone grease or water is filled in the gap between the 
neighbouring coupling surfaces or is coated to the 
coupling surfaces. The coating or filling of the optical 
coupling agent having a higher refractive index than 
the air to the coupling surfaces or in the gap there- 
between enables the iight-transmissivity therebetw- 
. een to be higher than when air Is filled in the gap, and 
thus the distribution ratio of the light is increased. 

Figs. 5 and 6 show two embodi ments of the radi- 
ation detector according to this invention. 

The radiation detector of the first embodiment in- 
cludes a pair of photomuttiplier tubes 21 and 22, and 
a scintillator array comprising six scintillators 11 to 16 
each of which has the same shape. One half of the 
scintillator array (three scintillators 11 to 13) is mount- 
ed on the photomultiplier tube 21 and the other half 
(the other three scintillators 14 to 16) is mounted on 
the oth r photomultipli r tube 22. Thes scintillators 
1 1 to 16 ar optically coupl d to one another through 



respective coupling surfaces 31 b to 36a between the 
respective neighbouring scintillators. 

I n this scintillator array, each of the four coupling 
surfaces 31b, 32a, 35b and 36a which are disposed 
5 most apart from the centre of the scintillator array is 
designed so as to be a mirror- polished surface. Gaps 
between these faced coupling surfaces are filled with 
air. That is, each of two pairs of the neighbouring scin- 
tillators 11 and 12 and the neighbouring scintillators 
10 15 and 16 corresponds to the third model as shown 
in Fig. 4(C). On the other hand, each of other four cou- 
pling surfaces 32b, 33a, 34b and 35a which are near 
to the centre of the scintillator array is designed to be 
a rough surface. Gaps between these faced coupling 
is surfaces are also filled with air. That Is, each of the 
two pairs of the neighbouring scintillators 12 and 13 
and the neighbouring scintillators 14 and 15 corre- 
sponds to the first model as shown in Fig. 4(A). Fur- 
ther, each of a pair of the coupling surfaces 33b and 
20 34a which are disposed at the centre of the scintillator 
array is designed to be a rough surface. The gap be- 
tween the coupling surfaces is filled with an optical 
coupling agent having higher refractive index than air 
after plural scintillators are assembled into the. sein- 
es tillator . array, or the coupling surfaces 33b and 34a 
are coated with the optical coupling agent before the 
scintillators are assembled. Accordingly, the scintilla- 
tor array of this embodiment has a construction that 
the light-transmlssivity (that is, the distribution ratio) 
30 is intermittently more increased as approaching from 
both sides of the scintillator array toward the centre 
thereof. 

An identification capability (characteristic) of the 
radiation detector thus constructed was estimated by 

35 irradiating gamma-rays to each of the scintillators 11 
to 16 of the radiation detector to emit 8 scintillation 
tight in the scintillator and then obtaining output sig- 
nals from the two photomultiplier tubes 21 and 22. 
That is, representing relative intensities of the output 

40 signals of the photomultiplier tubes 21 and 22 by P1 
and P2, respectively, the identification characteristic 
of the radiation detector was estimated with values of 
DC(P1) or DC(P2) defined by the following equation: 
DC(P1) = P1/(P1 + P2) X 100, prDC(P2) = 

45 P2/(P1 + P2) X 100 

The DC (P1) or DC(P2) mean contributive degrees of 
the scintillation light emitted in one scintillator to the 
output electrical signals of the photomultiplier tubes 
P1 and P2, respectively. For example, In a case of the 

50 DC(P1), the scintillation light emitted In one scintilla- 
tor is distributed in a predetermined distribution ratio 
to all scintillators 11 to 16 and a part of the distributed 
scintillator light is guided through the scintillators 11 
to 13 to the photomultiplier tube 21 , so that an elec- 

55 trical signal having an intensity corresponding to the 
part of the scintillation light Is outputted from the pho- 
t multiplier tube 21. Accordingly, a distribution ratio 
of the scintillation light emitted in each of th scintil- 
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lators to each of the photomultlplier tubes 21 and 22 
is determined by detecting an output signal of each of 
the photomultlplier tubes 21 and 22 at the time when 
gamma-rays Is irradiated to each of the scintillators. 

AdetectionresultofthevalueDC(P1)wasasfol- 5 
lows: DC(P1) = 89, 76, 61, 37, 20 and 11 for the irra- 
diation of the gamma-rays to the scintillators 11 to 16, 
respectively. It is apparent from the above values of 
DC{P1) that the incidence of the gamma-rays to the 
scintillators can be positionally clearly discriminated 10 
by the two photomultiplier tubes 21 and 22. The same 
detection result was obtained by the photomultiplier 
tube 22. 

Fig. 6 shows a second embodiment of the radia- 
tion detector according to this invention. i« 

In this embodiment, the radiation detector in- 
cludes a scintillator array comprising two-dimension- 
ally arranged plural (24) scintillators 11,1 to 11*6. and 
four photomultiplier tubes 21 to 24 each optically cou- 
pled to an equal number (6) of scintillators. This radi- 20 
ation detector has a construction that a plurality of 
one dimensionally arranged scintillator arrays (for ex- 
ample, in an X-directlon) as shown in Fig. 5 are ar- 
ranged in a Y-direction to form a two-dimensionally 
arranged scintillator array. Accordingly, the surface - 25 
condition and the coupling condition of the neighbour- 
ing scintillators of the scintillator array of this embodi- 
ment are Identical to those of the scintillator array of 
the first embodiment in the X-direction. In the ar- 
rangement of the scintillators in the Y-direction, six 30 
pairs of both of coupling surfaces 72b and 73a which 
are disposed at the centre of the scintillator array in 
the Y-direction and aligned with one another in the X- 
direction are designed to be rough surfaces, and 
these coupling surfaces are coated with the optical 35 
coupling agent 6 or gaps therebetween are filled with 
the optical coupling agent 6. On the other hand, in the 
other pairs of the coupling surfaces 71 b and 72a (73b 
and 74a) which are disposed at the side portion of the 
scintillator array in the Y-direction, the outer coupling 40 
surfaces 71 b and 74a of the respective pairs are mir- 
ror-polished while the Inner coupling surfaces 72a 
and 73b are roughly formed. Gaps between these 
pairs of the coupling surfaces disposed at the side 
portion of the scintillator array are filled with air. This 45 
arrangement enables the four photomultlplier tubes 
21 to 24 to discriminate 24 scintillators accurately. 

In the above embodiments, the models as shown 
in Figs. 4(A) to 4(C) and 4(F) are used in combination 
to construct the scintillator array. However, in order to so 
finely control the distribution ratio of the scintillation 
light to the other scintillators, the models as shown in 
Figs. 4(D) and 4(E) may be also used along or in com- 
bination with the above models. Further, In order to 
more finely change the light-transmissivity (distribu- 55 
ti n ratio) of the coupling surfaces, the degree fthe 
roughness of the rough coupling surfaces may be 
changed, various optical coupling agents having dif- 



ferent refractive indexes may be used, or the optical 
coupling agent may be partly coated to some coupling 
surfaces (or filled in the gaps therebetween) and the 
air may be filled in the gaps between the other cou- 
pling surfaces). 

Figs. 7 shows a third embodiment of the scintil- 
lator array according to this invention. The scintillator 
array of this embodiment comprises 6X6 (=36) scin- 
tillators arranged two-dimensionally, and four photo- 
multipliers each of which are arranged so as to be 
confront with six scintillators. As shown in Fig. 7, mir- 
ror-polished surfaces are formed at the four outer 
side surfaces of the scintillator array to prevent leak 
of a scintillation light from the side surfaces to the 
outside and at confronting coupling surfaces (as 
shown by oblique lines A) nearest to the outer side 
surfaces. That Is, a full masking (defined as a cou- 
pling portion comprising confronting coupling surfac- 
es which are mirror-polished) is formed at the side 
portion of the scintillator array. On the other hand, 
roughened surfaces are formed at the other confront- 
ing coupling surfaces (B) (as shown by saw-shaped 
tines). Particularly, RTV rubber is provided between 
the coupling surfaces (C) at the centre of the scintil- 
lator array. 

As described above, according to the radiation 
detector of this invention, a distribution ratio between 
the neighbouring coupling surfaces can be freely and 
finely changed with no reflection layer, so that a dis- 
tribution process of a scintillation light is more effec- 
tively performed without attenuation of the light to im- 
prove energy resolution, timing resolution and crystal 
identification characteristic. Further, no requirement 
of the reflection layer enables the scintillators to be 
minutely arranged and thus non-sensitive region of 
the scintillators can be reduced. Still further, the ra- 
diation detector of this invention does not need a scin- 
tillator array having a complicated structure, and 
therefore manufacturing of a scintillator array can be 
easily performed. 



Claims 

1. A radiation detector for detecting the position of 
incident radiation, comprising: 

a scintillator array having a plurality of 
scintillator elements (11....16) for generating 
scintillation light upon Incidence of radiation to 
them, each scintillator element (11 ,...16) having a 
radiation receiving surface, a light-emitting sur- 
face for emitting light guided through the scintil- 
lator element (11....16) in a first direction, and a 
light-distributing surface (31....36; 71....74) for 
transmitting part of the scintillation light to an ad- 
jacent scintillator element (11....16) In a second 
direction, substantially perpendicular to the first 
direction to distribut scintillation light to other 
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scintillator elements (11 ,...16) with a pro-deter- 
mined distribution ratio ; and 

a plurality of photomultiplier tubes 
(21 ,...24) optically coupled to the scintillator array 
wherein each photomultiplier tube (21 ,...24) is 
optically coupled to the light-emitting surfaces of 
a plurality of scintillator elements (11 ,...1 6) for re- 
ceiving the scintillation light and converting the 
scintillation light into an amplified electrical sig- 
nal representative of the incident position of the 
radiation on the scintillator array; 

characterised In that each of the light- 
distributing surfaces (31,...36;71,...74) serves as 
a coupling surface for optically coupling each 
scintillator element (11, ... 16) to an adjacent ele- 
ment (11, ... 16), each of the light transmitting 
surfaces (31, ... 36; 71, ... 74) having a rough- 
ened surface, a mirror-polished surface or both, 
for transmitting the scintillation light with a pre- 
determined degree of transmissivity to control 
the distribution ratioof the scintillation lighttrans- 
mitted between from neighbouring scintillator 
elements. 

2. A radiation detector according to claim 1 , wherein 
each scintillator element (11 , ... 16) is separated 
from each adjacent scintillator element (11 , ... 1 6) 
by a gap. 

3. Aradiation detector according to claim 2, wherein 
the gap is filled with air or an optical coupling 
agent (6) having a refractive index different from 
that of air to further control the degree of trans- 
missivity between adjacent scintillator elements 
(11,... 16). 

4. A radiation detector according to claim 3, wherein 
the optical coupling agent (6) is silicone oil, sill- 
cone grease, water or a combination of these. 

5. A radiation detector according to any of the pre- 
ceding claims, wherein at least one of the light 
distribution surfaces (31, ... 36; 71, ... 74) in- 
cludes both a roughened surface and a mirror 
polished surface in a pre-determined ratio to give 
a degree of transmissivity different from that for 
either a mirror polished surface or a roughened 
surface. 

6. A radiation detector according to claims 2 to 5, in 
which the light distributing surfaces (31, ... 36; 
71, ... 74) have a degree of roughness controlled 
so that a desired degree of transmissivity be- 
tween adjacent scintillator elements (11, ... 16) is 
achieved, the degree of transmissivity determin- 
ing the distribution rati f the scintillati n light 
transmitted between the adjacent scintillator ele- 
ments (11, ... 16). 



7. A radiation detector according to any one of the 
preceding claims, in which the scintillator array 
comprises a plurality of independent separate 
scintillator elements (11 ,...16) arranged side-by- 

5 side and separated from one another wherein the 

separate scintillator elements (11,. ..16) are opti- 
cally coupled to adjacent scintillator elements 
(11....16) by the light distributing surfaces 
(31,...36;71,...74). 

10 

8. A radiation detector according to any one of 
claims 2 to 7, wherein the scintillator array com- 
prises a plurality of scintillator elements formed 
from a common substrate and separated from 

15 one another by a plurality of grooves which pro- 
vide the distribution regions. 

9. A radiation detector according to any of the pre- 
ceding claims, wherein the distribution ratio be- 

20 tween one pair of adjacent scintillator elements 
(11 , ... 16) is different from that between another 
pair of adjacent scintillator elements (11 , ... 1 6). 

10. A radiation detector according to any of the pre- 
25 ceding claims, in which some of the gaps be- 
tween adjacent scintillator elements contain air, 
and others of the gaps between adjacent scintil- 
lator elements (11 , ... 1 6) contain an optical cou- 
pling agent (6). 



Patentanspruche 

1. StrahlungsdetektorzumDetektierender Position 
35 einer auf treffenden Strahlung mit 

einer Szintillatormatrix mit einer Vielzahl von 
Szintillatorelementen (11..1 6) zur Erzeugung von 
Szintillationslicht beim Auftreffen der Strahlung 
auf die Szintillatoreiemente, wobei jedes 
40 Szintillatorelement (11. .16) eine Strahlungsauf- 
nahmeflache, eine Uchtemittierende Flache zum 
Emittieren von durch das Szintillatorelement 
(11..16) in einer ersten Richtung gef uhrtem Llcht 
und eine Uchtverteilungsf lache (31 ..36; 71 ..74) 
45 zur Obertragung eines Teiles des Szintillations- 
lichtes auf ein benachbartes Szintillatorelement 
(11..1 6) in einer zweiten Richtung, die im wesent- 
iichen senkrecht zur ersten Richtung verlauft, urn 
Szintillationslicht auf andere Szintillatoreiemente 
so (ll..16)miteinemvorgegebenenVerteilungsver- 
haltnis zu verteiten, aufwelst; und 
* einer Vielzahl von Fotovervlelfacherr6hren 
(21 ..24), die optlsch mit der Szintillatormatrix ge- 
koppelt sind, wobei jede Fotovervlelfacherrohre 
55 (21..24)optischmitdenUcht-emittierendenR3- 
chen einer Vielzahl von Szintillatorelementen 
(11..16) gekoppelt ist, urn das Szintillationslicht 
aufzunehmen und in ein verstarktes elektrisches 
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Signal zu Oberf uhren, das die Position des Auf- 
treffens der Strahiung auf die Szlntlllatormatrix 
kennzeichnet 

dadurch gekennzeichnet, daB Jede der Lichtver- 
teilungsflachen (31. .36; 71. .74) als Kopplungs- 
flache zum optischen Koppeln eines jeden 
Szintiliatorelementes (11. .16) mit einem benach- 
barten Element (11. .16) dientund daB jede der 
Llchtubertragungsflachen (31..36; 71..74) eine 
aufgerauhte Rache, elne hochglanzpolierte RS- 
che oder belde aufweist urn das Szintillations- 
licht mit einem vorgegebenen Grad an Durchlas- 
sigkeit zu ubertragen und das Verteilungsver- 
hattnis des zwischen benachbarten 
Szintillatoretementen Obertragenen Llchtes zu 
steuern. 

2. Strahlungsdetektor nach Anspruch 1 , bei dem Je- 
des Szintillatorelement (11..16) von jedem be- 
nachbarten Szintillatorelement (11..16) durch ei- 
nen Spalt getrennt 1st 

3. Strahlungsdetektor nach Anspruch 2, bei dem 
der Spalt mit Luft oder einem optischen Kopp- 
lungsmittel (6), das einen von Luft verschiedenen 
Brechungsindex aufweist, gefullt ist urn den 
Grad der Durchlassigkeit zwischen benachbar- 
ten Szintillatorelementen (11..16) weiterzu steu- 
ern. 

4. Strahlungsdetektor nach Anspruch 3. bei dem 
das optische Kopplungsmittel (6) SllikonSI, Sili- 
konfett Wasser oder eine Kombination dieser 
Substanzen ist 



ne Vielzahl von unabhanglgen separaten 
Szintillatorelementen (11 ..16) aufweist, die Seite 
an Seite angeordnet und vonelnander getrennt 
sind, wobei diese separaten Szintlllatorelemente 
(11..16) durch die Lichtverteilungsflachen 
(31..36; 71..74) mit benachbarten Szintillator- 
elementen (1 1 ..1 6) pptisch gekoppelt sind. 

8. Strahlungsdetektor nach einem der Ansprflche 2 
bis 7, bei dem die Szintillatormatrix eine Vielzahl 
von Szintillatorelementen umfaBt die aus einem 
gemeinsamen Substrat gebildet und durch eine 
Vielzahl von Nuten, die die Vertellungsberelche 
bilden, voneinander getrennt sind. 

9. Strahlungsdetektor nach einem der vorangehen- 
den Anspruche, bei dem das Verteilungsverhalt- 
nis zwischen einem Paar von benachbarten 
Szintillatorelementen (11 ..1 6) von dem zwischen 
einem anderen Paar von benachbarten 
Szintillatorelementen (11 ..1 6) verschieden ist 

1 0. Strahlungsdetektor nach einem der vorangehen- 
den Anspruche, bei dem einige der Spalte zwi- 

25 schen benachbarten Szintillatorelementen Luft 
enthalten, wahrend andere Spalte zwischen be- 
nachbarten Szintillatorelementen (11.-16) ein op- 
tisches Kopplungsmittel (6) enthalten. 
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5. Strahlungsdetektor nach einem der vorangehen- 
den Anspruche, bei dem mindestens eine der 
Lichtverteilungsflachen (31..36; 71..74) sowohl 
eine aufgerauhte Rache als auch eine hoch- 
glanzpolierte Rache in einem vorgegebenen Ver- 40 
h§ltnis aufweist urn einen Grad an DurchlSssig- 

keit zu erhalten, der slch von dem f Or eine hoch- 
glanzpolierte R3che oder eine aufgerauhte Ra- 
che unterscheidet 

45 

6. Strahlungsdetektor nach den AnsprOchen 2 bis 5, 
bei dem die Lichtverteilungsflachen (31 ..36; 
71. .74) einen Grad an Rauhlgkeit besitzen, der 
so gesteuert ist daB ein gewQnschter Grad an 
Durchlissigkeit zwischen benachbarten to 
Szintillatorelementen (11..16) erreicht wird, wo- 
bei der Grad an Durchlasslgkeit das Verteilungs- 
verhaltnls des zwischen den benachbarten 
Szintillatorelementen (11..16) Obertragenen 
Szintillationslichtes bestimmt « 

7. Strahlungsdetektor nach einem der vorangehen- 
den Anspruche, bei d m die Szintlllat rmatrix el- 



Revendlcatlons 

1 . Detecteur de rayonnement permettant de d6tec- 
ter la position d'un rayonnement Incident 
comprenant : 

un reseau de scintillateurs comportant 

une pluralite d'elements de scintillateur (11 

1 6) pour generer une tumiere de scintillation suite 
a Tarrivee en incidence d'un rayonnement des- 

sus, chaque element de scintillateur (11 16) 

comportant une surface de reception de rayon- 
nement une surface emettrice de iumiere pour 
emettre une Iumiere guidee au travers de I'ele- 
ment de scintillateur (11 16) suivant une pre- 
miere direction et une surface de distribution de 

Iumiere (31 36 ; 71 74) pour transmettre 

une partie de la Iumiere de scintillation a un ele- 
ment de scintillateur adjacent (11, .... 16) suivant 
une seconde direction sensiblement perpendicu- 
iaire a la premiere direction afin de distribuer la 
Iumiere de scintillation a d'autres elements de 
scintillateur (11 16) avec un rapport de distri- 
bution predetermine ; et 

une pluralite de tubes photomultipllca- 
teurs (21 , 24) couples optiquement au reseau 
de scintillateurs, dans lequel chaque tube photo- 
multiplicateur (21 , .... 24) est couple optiquement 
aux surfaces emettrices de Iumiere d'une plura- 
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lite dements da sclntillateur (11 . .... 16) pour re- 
cevoir la lumiere de scintillation et pour convertir 
la lumiere de scintillation en un signal electrlque 
amplifie representetif de la position dlncidence 
du rayonnement sur le reseau de sdntlllateurs . 
caracteriseencequechacunedessurta- 

ces de distribution de lumiere (31, .... 36 ; 71. .... 
74) joue le role de surface de couplage pour cou- 
pler optiquement chaque element de sclntillateur 

(11 16) a un element adjacent (11, .... IB), 
cha'cune des surfaces de transmission de lumie- 

re<31 36.71 74) comportant una surface 

rendu'e "r'ugueuse. una surface|>olie mlrolr ou les 
deux pour transmettre la lumiere de sclnt llabon 
avec un degre predetermine de transmisslvrte 
pour commander le rapportde distribution de to . 
: lumiere de scintiilation transmlse entre depuls 
des elements de sclntillateur volsins. 

2. Detecteurdemyonnementselonlarevendi^ 

1, dans lequel chaque element de sclntlHateur 
(11 16) est separe de chaque element de 

. sclntiilateur adjacent (11. .... 16) parun espace. 

3 D6fecteurderayonh*mentselonla^^ 

2. dans lequel respace est rempli tfalr ou d un 
agent de couplage optique (6) presentant un in- 

dice de refraction different de celul de l air pour 
corr^anderdavantageledegredetransmlsshm* 
entre des elements de sclntillateur adjacents 
(11. .... 16). 

4. Ditedeurderayonnementselonlarevendieation 
3 dans lequel Vagentde couplage optlque(6) est 
de 1'huile silicone, de la graisse silicone, de I eau 
ou une combinaison de celies-ci. 

5 Detecteur de rayonnement selon I'une quelcon- 
' q uedesievendicationsprecedentes.danslequel 
aumoinsl'unedessurfacesdedlstnbutiondeliH 

. miere(31 36;71 74) IncluU ia fob une 

v surfacerenduerugueuseetunesurfaw^ltemi- 
rolr selon un rapport predeternilne pour obtenfr 

■ un degre detransmissivite different de celui de 
spitunesurfacepollemirolrsoitunesurfaceren- 

due rugueuse. > 

• 6. Detecteur de rayonnement selon ««™** 
tions 2 a 5.' dans lequel les surfaces de dlsttibu- 

ton de lumiere (31..... 36; 71 74) prtsentent 

"n degre de rugoslte commande de telle sorts 
. qu-undegrtsouhaitedetrar^issMteentrede^ 

elements de sclntillateur adjacents ,(11. 
aoit obtenu. le degre de transmlsslvfte d6tern* 
nantle rapportde distribution de la umtere de 
scintillation transmls entr les elements de 
sclntlltateur adjacents (11 16). 
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D6tecteur de rayonnement selon I'une quelcon- 
que des revendlcatlons precedentes, dans lequel 
le reseau de sclntillateure comprend une pluralite 
d'elements de sclntillateur separes Indepen- 

dants (11 16) agences cote-a-coteetseparis 

les uns des autres, dans lequel les elements de 
sclntillateur separes (11. 16) sent ~«Ples oP- 
tiquement a des elements de sclntillateur adja- 
cents (11 16) par les surfaces de distribution 

de lumiere (31 36 ; 71 74). 

I Detecteur de rayonnement selon Tune quelcon- 
' que des revendlcatlons 2 a 7. dans leque le rfe- 
seau de scintillateurs comprend une pluralite 
d'elements de scintiHateur formes a partir d un 
substrat commun et separes les uns des autres 
par une pluralite de gorges qui constituent les re- 
gions de distribution. 

9 Detecteur de rayonnement selon I'une quelcon- 
' quedesrevendications precedentes. dans lequel 

. le rapport de distribution pour une paire id ^elfr- 
ments de sclntillateur adjacents ( 11. ... 16 i est 
differentdecelul pour une autre paired elements 
de sclntillateur adjacents (11 16). 

10 Detecteur de rayonnement selon I'une quelcon- 
que des revendlcatlons precedentes. dans lequel . 
certains des espaces sfiparant des elements .de 
sclntillateur adjacents contiennent de la«_et 
d'autres espaces separant des elements de scln- 
tillateur adjacents (11 16) contiennent un 

agent de couplage optique (6). 
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